). An increase in the number of cells in the presence of IGF-I was also confirmed by DNA measurement (P < 0.05, n = 5) and by western immunoblotting analyses of La antigen (n = 3). IGFBP-1 significantly inhibited cell division stimulated by IGF-I (P < 0.001) and IGF-II (P < 0.001), but not that stimulated by the analogue, LR3IGF-I, which has low affinity for IGFBPs. Other factors also known to affect IGF synthesis or effectiveness (FSH, oestradiol, growth hormone) did not appear to influence division of granulosa cells when cultured under anchorage-independent conditions, while dibutyryl cAMP significantly inhibited cell division (P < 0.01, n = 5). In (Adashi et al, 1991) . Furthermore, these cells can produce specific IGF-binding proteins (IGFBPs) (Hsu and Hammond, 1987; Ramasharma and Li, 1987; Voutilainen and Miller, 1987; Mondschein et al, 1990; Adashi et al, 1991; Stanko et al, 1994) . (Koistinen et al, 1990) and that these cells synthesize and secrete IGFBP-1 (Suikkari et al, 1989 
. Ovarian granulosa cells have been shown to produce insulin-like growth factors I or II (IGF-I, IGF-II) in a number of species including rats, pigs, cows and humans (Adashi et al, 1991) . Furthermore, these cells can produce specific IGF-binding proteins (IGFBPs) (Hsu and Hammond, 1987; Ramasharma and Li, 1987;  Voutilainen and Miller, 1987; Mondschein et al, 1990; Adashi et al, 1991; Stanko et al, 1994) . IGFBP-3 has been purified from pig follicular fluid (Ui et al, 1989) , while others found it was present in follicular fluid from both small and large follicles. IGFBP-2 has been found in fluid predominantly from small follicles (Mondschein et al, 1991) . shown that mRNA encoding IGFBP-1 is expressed in human ovulatory granulosa cells (Koistinen et al, 1990) and that these cells synthesize and secrete IGFBP-1 (Suikkari et al, 1989 (Lussier et al, 1987 Rodgers et al, 1995) . Very little is known of the behaviour and regulation of the stem-cell-like granulosa cells. Initial studies have shown that these cells can produce a basal lamina and proteoglycans . Their proliferation can be enhanced by basic fibroblast growth factor (bFGF) and they can be induced to differentiate into luteal cells 
Materials and Methods

Isolation of granulosa cells
The procedure for the isolation of bovine granulosa cells and their subsequent culture under anchorage-independent con¬ ditions used in this study was a modification of the method described by (Fig. 1) (Fig. 1) . IGF-I enhanced the rate above that of controls after 48 h of culture (Fig. 1) (Fig. 2) . This was dose-dependent and linearly related to the log of the dose of IGF-I (linear regression P< 0.01). Near maximum stimulation was achieved at 100 ng ml " : (Fig. 2) [3H]thymidine incorporation are shown (Fig. 3) (Francis et al, 1992) , was examined. IGFBP-1 had no effect on the stimulatory effect of longR3IGF-I (108 ± 10% of the mean ± sem concentrations observed with longR3IGF-I alone, = 3), suggesting that the inhibitory effect of IGFBP-I on IGF-stimulated cell division was via its ability to bind IGF-I. In another set of experiments (Fig. 4) , IGF-I increased the total content of DNA (per dish) but the effect was not significant.
The analogues des(l-3)IGF-I and longR3IGF-I significantly (P < 0.05) increased the total content of DNA.
La antigen is a nuclear enzyme involved in RNA synthesis (Chan and Tan, 1987) (Fig. 3) . IGFBP-1 significantly (P< 0.001) inhibited the stimulatory effect of IGF-II (Fig. 3) .
Effects of other factors
Insulin stimulated a significant (P < 0.05) twofold increase in the amount of [ HJthymidine incorporation into DNA (Fig. 3) .
A high dose of FSH either alone or in combination with oestradiol had no significant effect (P > 0.05) (Fig. 6) . FSH did not augment the stimulatory effect of IGF-I (Fig. 6) . Oestradiol or ovine GH also had no significant effect (P > 0.05) on the incorporation of [ HJthymidine by granulosa cells cultured under anchorage-independent conditions (Fig. 6) .
Dibutyryl cAMP significantly (P < 0.01) and substantially inhibited [3H]thymidine incorporation into DNA (Fig. 3) , par¬ ticularly later in culture (Fig. 1) . , a growth factor found in bovine oocytes (Van Wezel et al, 1995) , and IGF-I and IGF-II can stimulate the replication of these cells under anchorage-independent conditions.The results reported here show that both IGF-I and IGF-II stimulate division of granulosa cells under anchorage-independent conditions, and these effects are likely to be mediated via IGF-I receptors. IGF-I receptors have similar affinities for both IGF-I and IGF-II, but much lower affinity for insulin (Baxter, 1988 (Spicer et al, 1994) when steroidogenesis is (Lussier et al, 1987 (Spicer et al, 1988) . However, a role for IGf-II during follicular development and the luteal phase remains to be determined. The presence of IGF-II in follicular fluid in a number of species including humans (Ramasharma el al, 1986) and sheep (Monget el al, 1993) strongly suggests a role for IGF-II. In human ovaries IGF-II is produced by granulosa cells (Ramasharma and Li, 1987) (Nakatani et al, 1991 (Suikkari et al, 1989; Koistinen et al, 1990) . Since granulosa cells cease dividing at ovulation as they luteinize (Lussier et al, 1987) , IGFBP- (Adashi et al, 1986) and in vivo (Adashi et al, 1988 and the concentrations of steroidogenic enzymes increased 50-fold (Rodgers et al, 1996 
